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MODEL OF THE NORTHROP N-9M AIRPLANE 
By George F. MacDougall, Jr. 


SUMMARY 


The tumbling characteristics of a l/20-scale model 'of the 
Northrop N-9M airplane have been determined in the Langley 2Q-foot 
free- spinning tunnel for various configurations and loading conditions 
of the model. The investigation included tests to determine whether 
recovery from a tumble could he effected ty the use of parachutes. 

An estimation of the forces due to acceleration acting on. the pilot • 
dvrring a tumble was made. The tests were performed' at an equivalent 
test altitude of 15,000 feet. 

The results of the model tests indicate that if the airplane 
is stalled with its nose up and near the vertical, or if an 
appreciable amount of pitching rotation is imparted to the airplane 
as through the action of a strong gust, the airplane will either 
tumble or oscillate in pitch through a range' of angles of the order 
of ±120°. The normal flying controls will probably be ineffective 
in preventing or in terminating the tumbling notion. The results' 
of the model tests indicate that deflection of the landing flaps 
full down immediately upon the initiation of pitching rotation dill 
tend to prevent the development of a state of tumbling equilibrium. 

The simultaneous opening of two 7-foot diameter parachutes having 
drag coefficients of 0.7, one parachute attached to the rear portion 
of each wing tip with a towline between 10 and 30 feet long, will 
provide recovery from a tumble. The accelerations acting on the 
pilot during a tumble will be dangerous. 
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INTRODUCTION 


At the request of the Air Materiel Command, Army Air Forces, 
tests were performed in the Langley 20-foot f roe-spinning tunnel to 
determine the spin and recovery characteristics and the tumbling (a 
continuous rotation about the lateral axis of the airplane) character- 
istics of a l/20-scale model of the Northrop N-9M airplane. The 
results of the spin-recovery tests have been presented in reference 1, 
and the results of the tumbling tests are presented herein. 

The airplane represented by the model is a twin-engine, flying- 
wing airplane equipped with pusher propellers. The airplane was 
constructed and flown to provide data for use in the development of 
the Northrop XB-35 airplane and was approximately one-third the 
size of the XB-35. Directional control on the N-9M airplane is 
obtained by wing tip control surfaces designated by Northrop 
Aircraft, Inc. as "scoop rudders" and "pitch flaps." The scoop 
rudders are installed on the lower surface of the wing just 
forward of the leading edge of the pitch flaps. The pitch flaps 
are trai ling-edge flaps and are deflected up when the scoop rudders 
move down. The pitch flaps are also used as a longitudinal trim 
device when the landing flaps are deflected. Longitudinal and 
lateral control are obtained with trailing-edge flaps designated 
by Northrop Aircraft, Inc. as "elevons." The elevons serve as 
both elevators and ailerons and are located just inboard of the 
directional control devices. Landing flaps are installed along 
the trailing edge of the wing between the plane of symmetry and 

the inboard end of the elevons. 

' • . t . . . ... - •• 

The tumbling characteristics of the model were investigated 
for a basic loading designated by Northrop Aircraft, Inc. as 
flight test condition number one and also with the center of 
gravity moved forward. Tests were performed to determine the 
individual effects of deflecting the landing flaps, of extending 
the. landing gear, and of deflecting the pitch flaps. The fin 
effect of windmilling propellers was ascertained from tests with 
horizontal and vertical equivalent propeller fin area installed. 

At the request of Northrop Aircraft, Inc., tests were performed 
with 20— percent and with 35— percent span auxiliary leading-edge 
slats installed and also with XB-35 type split rudders installed 
on each wing tip and opened simultaneously to determine the effect 
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of these design modifications on the tumbling characteristics of the 
model. The effect of installing various amounts of horizontal area 
on a boom rearward of the model was investigated and tests were 
performed to determine whether recovery from a tumble could be 
effected by the use of parachutes. Approximate calculations were 
made of the forces that would be acting on the pilot's head when the 
airplane is tumbling. 


SYMBOLS 


b wing span, feet 

S wing area, square feet 

c wing chord at any station along the span 

c mean aerodynamic chord, feet 


x/c ratio of distance of center of gravity rearward of 

leading edge of mean aerodynamic chord to mean 
aerodynamic chord 

z/c ratio of distance between center of gravity and root 

chord line to mean aerodynamic chord (positive 
when center of gravity is below root chord line) 

m mass of airplane, slugs 


I x , I Y , I z 


moments of inertia about X, Y, 
respectively, slug-feet- 


and Z body axes, 


R distance from axis of tumbling rotation to pilot's 

head, feet 

q full-scale rate of pitching rotation during tumble, 

radians per second 

g acceleration due to gravity, approximately 32.2 feet 

per second 

P air density, slug per cubic foot 

U relative density of airplane, m/pSb 


CONFIDENTIAL 


k 


NACA PM No. L6L10 ' 


APPARATUS AND METHODS 
Models 


The l/20- scale model of the Northrop N-9M airplane previously 
used for the spin tests reported in reference 1 was also used for 
the tumbling tests. Because of difficulties encountered in 
performing the tumbling tests, a second model was constructed and 
prepared for testing by Langley to expedite the test program. 
Dimensional and mass characteristics of the airplane represented 
by the models are given in table I and a three-view drawing of 
the models as tested in the clean configuration (flaps neutral and 
landing gear retracted) is presented a 3 figure 1. Figures 2 and 3 
are photographs of one of the models in the clean and landing 
configurations, respectively. The models were ballasted as 
described in reference 1 to obtain dynamic similarity to the 
airplane at an altitude of 15,000 feet (p = O.OOIU 9 S slug per 
cubic foot) . A remote-control mechanism was mounted in one of 
the models to open the parachutes for recovery tests. The para- 
chutes used were of the flat circular type, made of silk, and had 
a drag coefficient of approximately 0*7 based on the surface area 
of the canopy when spread out flat. The auxilary leading-edge 
slats and equivalent propeller fin area ixsed for the tumbling tests 
were the same as those used for the spin tests reported in reference 1 
and are shown on figures b and 5, respectively. Tests were per- 
formed with horizontal areas equal to 2 percent (previously used 
for spin tests), 5 percent, and 10 percent of the wing area installed 
on a boom reai-ward of the model as shown on figure 6 . The installa- 
tion of the XB -35 type split rudders and a comparison of the XB-35 
type rudder controls with the N- 9 M rudder controls are presented 
on figure 7 » 


Wind Tunnel and Testing Technique 

The tumbling tests were performed in the Langley 20 -foot free- 
spinning tunnel, the operation and design of which is generally 
similar to that of the 15 -foot free-spinning tunnel as described 
in reference 2. Various methods of launching were employed in the 
tumbling tests. In order to determine whether the model would 
start tumbling of its own accord, the model was released without 
rotation either from an attitude in which the model was approximately 
horizontal, from an attitude in which the nose was approximately 
70 ° below the horizontal,' from an attitude in which the model was 
approximately vertical with the nose up or was impelled into the 
tunnel without rotation with the nose slightly above the horizontal. 
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In order to determine whether the model would stop tumbling once the 
tumbling motion had been started, the model was launched into the 
tunnel by hand with either positive or negative pitching rotation. 
The tumbling tests in which the model was released without rotation 
were arbitrarily performed at a constant tunnel airspeed of approxi- 
mate 75 feet per second and those in which the model was launched 
with rotation were arbitrarily performed at a constant airspeed of 
approximately 65 feet per second. The initial pitching rotation 
imparted to the model for the tests in which it was launched. with 
rotation was sufficient to tumble the model through one to three 
complete revolutions. For the cases in which the model would 
tumble, it could make only five to six complete tumbles before 
traveling across the tunnel and hitting the safety net on the 
opposite side . 

Motion pictures were taken of the tests so that a study could 
be made of the motion of the model during the tumble and, for those 
cases for which the model would not tumble, of the motion after 
launching. An approximation of the vertical rate of descent of the 
model during a tumble was determined from film records of the tests 
and from the tunnel airspeed. The camera speed being known, the 
apparent vertical rate of descent was determined from the number of 
frames of film in which the model moved a certain vertical distance 
in the tunnel. This apparent vertical rate of descent was added to 
the tunnel airspeed to give an approximation of the vertical rate 
of descent of the model during the tumble . An approximation of the 
horizontal component of velocity during a tumble was obtained from 
the film records in a manner similar to that for the vertical 
component . 

The model was launched into the tunnel with initial positive 
pitching rotation for the tests made to determine whether recovery 
from a tumble could be effected by the use of parachutes. The 
parachutes were opened for recovery approximately two complete 
tumbles after the model was launched. For some of the tests, 
parachutes installed on both wing tips were opened simultaneously 
whereas for other tests only the parachute on one wing tip was 
opened. The parachutes were installed on the model as described 
in reference 1 for the spin tests . The points of attachment for 
the parachute towlines are shown in figure 8. 


PRECISION 


The measurement of the rate of rotation and of the vertical 
and horizontal velocity components of the path of the model while 
tumbling are believed to be accurate within limits of ±5 percent 
and *10 percent, respectively. 
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The accuracy of the "ballasting of the models for the tumbling 
tests was the same as that reported in reference 1 for the spin 
tests. The controls were set with an accuracy of tl°i 

TEST CONDITIONS ■ •• • 

' • • . : ; : * , * • ; • . .* • , 

The conditions tested in the investigation to determine the 
tumbling characteristics of the models are listed in table II. 
Full-scale values of mass parameters for the loadings tested on 
the models and for various loading conditions of the airplane are 
given in table III. As previously mentioned, the basic test 
condition was designated as flight test condition number one, 
and in addition, tests were made with the center of gravity moved 
forward 5 percent of the mean aerodynamic chord. For each test 
condition, various elevon positions including neutral and maximum 
deflections for longitudinal and lateral control were investigated. 

The N-9M airplane is equipped with a wheel mounted on top of 
a stick to move the elevons for longitudinal and lateral control. 
Longitudinal movement of the stick and wheel moves both elevons 
either up or do™ together for longitudinal control whereas 
turning the wheel moves one elevon up and the other elevon down 
for lateral control . Although there was no stick or wheel in 
the models, control deflections are generally referred to herein 
in terms of stick and wheel positions. The elevon deflections 
were the same as those given in reference 1 for the spin tests 
and are presented on figure 9 • The scoop rudders were maintained 
at neutral throughout the entire test program. The pitch flaps 
were neutral except when the model was in the landing configuration 
and for a few tests in which both pitch flaps were set 26° up in 
order to determine the effect of pitch flap deflection on the 
tumbling characteristics of the model. The pitch flaps were 
removed from both wing tips and XB-35 type split rudders were 
installed for tests to determine whether this type of rudder control 
. acting in a manner similar to that of dive brakes, would have an 
effect on the tumbling characteristics of the model. The split 
rudders on each wing tip were open simultaneously t6o° for these 
tests. Unless otherwise specifically stated in the discussion, 
the model was in the clean configuration and ballasted to represent 
flight test condition number one. 


EESULTS AND DISCUSSION 


As previously mentioned, for convenience, two modelsof the 
N-9M airplane were used in the tumbling investigation. The results 
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of preliminary tests indicated that both models had similar tumbling 
characteristics. The results are presented herein therefore without 
regard to the particular model used. 


interpretation of Eesults 

Inasmuch as no data on the tumbling of full-scale aircraft are 
available, the accuracy of predicting airplane tumbling characteristics 
from model data is unknown. In applying the model results to the 
full-scale airplane the following interpretation has been placed on 
the results from different methods of launching the model. 

ETien launched into the tunnel, either with or without initial 
pitching rotation, the model either would or would not tumble. If 
the model tumbled with either method of launching it was taken as 
an indication that the corresponding airplane could tumble, 
although the airplane probably would be more likely to tumble if 
the model started tumbling when launched with no pitching rotation. 

If the model stopped tumbling after being launched with initial 
pitching rotation, the results were interpreted to mean that the 
corresponding airplane would not tumble . 


Clean Configuration 

Flight test condition num be r one .- In general, the model 
continued to tumble when launched with either initial negative 
or positive pitching rotation regardless of elevon deflection 
(table IV -A) thereby indicating that elevon deflection had no 
appreciable effect on the tumbling characteristics of the model. 

For a typical tumble, the vertical component of velocity was 
approximately 150 feet per second, full scale, the horizontal 
component of velocity was approximately 75 feet per second, full 
scale, and the rate of rotation was approximately l rps, full scale. 
The components of velocity and the rate of rotation were obtained 
from the film records as previously described and are shown 
graphically on figure 10 . 

Edien released from a nose-up vertical attitude ( table V--A), 
the model sometimes started to tumble and at other times oscillated 
in pitch through a range of approximately ±120° measured from the 
nose-down position. These oscillations appeared to be only 
lightly damped before the model reached the safety net at the 
bottom of the tunnel. Figures 11 and 12 are reproductions of 
motion- picture records of a typical tumble and of a typical 
oscillatory motion, respectively, when the model was released 
from a vertical attitude with its nose up. It appears from the 
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results of these tests that the airplane may start to tumble 'if it 
is stalled with its no3e up near the vertical or if it is forced 
into a nose-up attitude by a strong gust. 

The model dived into the safety net with oscillations in pitch 
of the order of ±15° when released from an attitude with its nose 
approximately 70° below the horizontal (table VI-A) . When the model 
was released from a horizontal attitude (table VI -B), it made 1 one or 
two oscillations in pitch of approximately tEo° end then dived with 
the oscillations rapidly diminishing in amplitude. The motion of 
the model when impelled into the tunnel with the nose of the model 
slightly above the horizontal (table VII ) was generally similar to 
that when it was released from a horizontal attitude. From the 
results of the tests with these latter three types of launchings, 
it appears that the airplane will not start tumbling when it is 
stalled with its nose slightly above the horizontal or when it is 
in a dive . 

Inasmuch as the model did not 3tai't tumbling for the clean 
configuration, flight test condition number one, as previously 
mentioned, when it was released from a horizontal attitude, when 
it was released with its nose 70° below the horizontal, or when 
it was impelled, into the tunnel with its no3e slightly above the 
horizontal, it was believed that the model also would not tumble 
for any of the remaining configurations and loadings on the test 
program when it was launched in any of these three manners. These 
methods of launching, therefore, were not employed for the remainder 
of the test program. 

Equivalen t fin effect of propellers . - The results of the tests 
with propellers simulated which are presented on tables IV-B and V-B 
were generally similar to those obtained without the propeller fin 
area and thereby indicate that the fin effect of the propellers 
was not sufficiently large to appreciably effect the tumbling 
characteristics of the model. 

Center of gravity forward .- The results presented on tables IV-C 
and V-C indicate that movement of the center of gravity 5 percent of 
the mean aerodynamic chord forward of normal had a somewhat 
beneficial effect on the tumbling characteristics of the model. 

When launched with initial negative pitching rotation (nose down), 
the model usually stopped tumbling and made two oscillations in 
pitch of approximately ±120° after which the oscillations started 
to damp out. No appreciable effect of center-of-gravity location 
was noticed, however, when the model was launched with initial 
positive pitching rotation. When released from a vertical attitude 
with its nose up, the model oscillated in a manner generally 
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similar to that previously described for launchings with initial 
negative pitching moment. It is believed that the decreased 
tendency of the model to tumble with the center of gravity forward 
can he attributed to the increase in longitudinal, stability 
associated with the forward movement of the center of gravity. 


Auxiliary Slats Installed 

Installation of 20-percent span auxiliary leading-edge slats 
had little effect on the tumbling characteristics when the model 
was launched with initial pitching rotation. (See table IV-D.) 

When the model was released at a vertical attitude with its nose 
up, however, the tendency of the model to start tumbling was 
diminished and the amplitude of the oscillations in pitch was 
decreased. (See table Y-D.) Installation of 35-pei’cent span 
auxiliary leading-edge slats had a somewhat beneficial effect on 
the tumbling characteristics of the model in that the model 
would not now continue tumbling after being launched with initial 
negative pitching rotation when the stick was back. (See table IV-E.) 
There was also a reduced tendency for the model to continue 
tumbling when the stick was forward, for launchings with either 
initial negative or positive pitching rotation. The results on 
table V-E also show that for launchings from a no3e-up vertical 
attitude, the model exhibited less tendency to tumble, and the 
oscillations in pitch damped ouc more rapidly when the 35 "Percent 
span slats were installed than when the model was in the original 
conf iguration . 


XB-35 Type Split Eudders Installed 

The results on table IY-F show that installation of the XB-35 
type split rudders had no appreciable effect on the tumbling 
characteristics of the model when launched with initial pitching 
rotation. A somewhat favorable effect of installing the split 
rudders was noticed when the model was released from a vertical 
attitude with its nose up in that the model generally would not 
now tumble. (See table Y-F.) 


Landing Configuration 

The results obtained with the model in the landing configura- 
tion (landing gear extended, landing flaps 50 ° down, and pitch 
flaps 26 ° up) were generally similar to those for the clean 
configuration when the model was launched with either positive or 
negative initial pitching rotation. (See table IV-G.) A favorable 
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effect of the landing configuration was observed, however, when the 
model was released from a nose-up vertical attitude. For this 
latter type of launching, the model made one or two oscillations 
in pitch of the order of ±120° after which the oscillations damped 
out and the model then dived to the safety net. (See table V-G.) 

Tests were next performed to ascertain the contribution of the 
landing flaps, the landing gear, and the pitch flaps in preventing 
the model from tumbling, and in reducing the amplitude of the 
oscillations in pitch, when released, from a nose-up attitude in the 
landing configuration. The results of these tests are presented 
on table V-H through V-K and indicate that the deflection of the 
landing flaps was the main factor in preventing the establishment 
of a state of tumbling equilibrium and of reducing the amplitude of 
the oscillations in pitch when the model was in the landing 
configuration. 


Horizontal Area Installed Rearward of the Model 

Installation of horizontal area rearward of the model had a 
beneficial effect on the tumbling characteristics of the model. 
Vhen launched with either initial positive or negative pitching 
rotation with horizontal area equal to either 10 percent or to 
5 percent of the wing area installed, on a boom rearward of the 
model, the model stopped tumbling, made two or three oscillations 
in pitch of rapidly diminishing amplitude, and then dived to the 
safety net for all stick - wheel positions. (See table IV-H and 
IV-I.) Installation of horizontal area equal, to 2 percent of the 
wing area, however, had no appreciable effect on the tumbling 
characteristics of the model when the model was launched with 
initial pitching rotation. (See table IV-J.) 

The model would not start tumbling when released from a 
nose-up vertical attitude when any one of the three previously 
mentioned horizontal areas were installed. (See table V-L r V-M, 
and V-N.) After release from the nose-up attitude, the model made 
two or three oscillations in pitch of diminishing amplitude and 
then dived down, into the safety net. The reduced tendency of the 
model to tumble and to oscillate in pitch with horizontal area 
installed may be explained on the basis of an increase in 
longitudinal stability contributed by the horizontal area. 


Parachutes 

The results of the tests performed to determine whether the 
tumbling rotation could be stopped by opening parachutes are 
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presented on table VIII, It was found that when parachutes attached 
to the fixed portion of the wing between the pitch flaps and the 
elevons were opened., the towlines and parachutes wrapped around the 
wing and the model continued tumbling. Inasmuch as both relatively 
short (2.5 feet full scale) and relatively long (30,0 feet full 
scale) towlines were tested, the results indicate that parachutes 
will probably be entirely ineffective in stopping the tumbling 
rotation regardless of tovline length when the towlines are attached 
inboard of the extreme wing tips. When a 7— foot full-3cale para- 
chute was attached to each wing at the extreme tip with either a 
10 — or a 30— foot full-scale towline, the model stopped tumbling in 
one to one and one-half rotations after simultaneous opening of 
both parachutes. After the tumbling rotation stopped, the model 
oscillated in pitch approximately i.90 0 measured from the nose-down 
position until striking the safety net. Inasmuch as it was pre- 
viously indicated that the model stopped oscillating and then 
dived when it was released from a horizontal attitude, it appears 
that the oscillations in pitch obtained after the parachutes 
stopped the tumbling rotation on the model can be eliminated on 
the airplane by releasing the parachutes after the tumbling 
rotation has definitely been stopped. A motion— picture record of 
a typical recovery from a tumble by the use of parachutes attached 
to the wing tips is reproduced as figure 13. The model sometimes 
stopped tumbling and sometime. s continued tumbling when only the 
parachute attached to one wing tip was opened for recovery. It 
appears, therefore, that in order to assure cessation of the 
tumbling rotation by the use of parachutes, parachutes on both 
wing tips should he opened simultaneously. 


Prevention and Termination of Tumbling 

The results presented herein 3how that the normal flying 
controls of the Northrop N-9M airplane will probably be ineffective 
in preventing or in terminating the tumbling rotation. It has 
been indicated, however, that deflection of the landing flaps 
full down before the tumbling rotation has been established may 
prevent the development of a stable tumbling condition. 

The results presented herein have also shown that the air- 
plane probably will not start tumbling unless it is stalled at a 
nearly vertical attitude with its nose up or is forced into a 
tumble , as by a strong gust . It is recommended therefore that 
care he exercised when maneuvering to avoid stalling the airplane 
with its nose up near the vertical. If the airplane is to be 
flown through maneuvers in which the nose becomes nearly vertical, 
it is recommended that parachutes be installed for emergency 
recovery from a tumble. A satisfactory parachute installation 
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for recovery from a tumble consists of a parachute at least 7 feet 
in diameter mounted either inside the structure with provisions 
for positive ojection or on the upper surface of each wing tip. 

The parachutes should he attached to the rear portion of the 
rospectivo wing tip with a towline between 10 and 30 feet long 
and should he opened simultaneously for recovery if the airplane 
starts to tumble. 

If the airplane is inadvertently stalled with its nose up 
and near the vertical, the landing flaps should immediately he 
deflected full down as rapidly as possible in an attempt to 
prevent the establishment of a stable tumbling condition. If 
the landing flaps are deflected full down before the airplane 
has fallen off appreciably from the stall, the airplane will not 
tumble but will make a few oscillations in pitch on the order of ±120° 
after which the oscillations will damp out. The stick should be 
moved in a direction such as to counteract the pitching motion in 
order to decrease the time required for the oscillations to damp out. 


Accelerations in a Tumble 

Approximate calculations were made to determine the accelerations 
acting on the pilot's head during a typical tumble for flight test 
condition number one. The accelerations were considered to be caused 
only by the rotation about the lateral axis, the effect of the 
vertical and horizontal motions being neglected. The axis of tumbling 
rotation was assumed to be at the center of gravity making the 
radius from the axis of tumbling rotation to the pilot’s head 
approximately 3*5 feet. The fill— scale rate of rotation was 
approximately 6.3 radians per second. When only the acceleration 
due to rotation (q2R) is considered, it appears that an acceleration 
of approximately 4.3g would be. acting on the pilot’s head during a 
typical tumble. Reference 3 indicates that positive accelerations 
(such as to push the pilot down in the seat) of 5g will probably 
cause temporary loss of vision and that forces of 6 to 7g will cause 
loss of consciousness. It is further pointed out in reference 3 
that negative accelerations of three times the pull of gravity will 
cause symptoms of concussion of the brain and that negative accelera- 
tions of 5g may result in massive cerebral hemor rages and death. It 
thus appoars that if the airplane tumbles, the pilot may be in acute 
physical danger as a result of the accelerations created by the 
tumbling rotation, especially if the airplane tumbles in a direction 
such as to cause negative accelerations to act on his body and head. 
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CONCLUSIONS AND RECOMMENDATIONS 


On the basis of the results of the tumbling tests of a 
l/20— scale model of the Northrop N— 9M airplane , the following 
conclusions and recommendations regarding the tumbling character- 
istics of the airplane at an altitude of 15,000 feet are made. 

1. If the airplane is stalled with its nose up and near the 
vertical or if an appreciable pitching rotation is imparted to the 
airplane as by a gust when it is in the clean configuration for 
flight test condition number one, it will either start tumbling or 
will oscillate in pitch through a range of angles of the order of 
+120° from the no3e-down position. The normal flying controls will 
probably be ineffective either in preventing the tumble or in 
producing recovery once a tumble has started. 

2. Immediate deflection of the landing flaps full down when the 
airplane is stalled with its nose up near the vertical will prevent 
the airplane from tumbling and will reduce the tendency of the air- 
plane to oscillate in pitch after nosing down from the stall. 

3. Simultaneously opening two parachutes 7 feet in diameter 
and having a drag coefficient of 0.7, one parachute attached to 
the rear portion of each wing tip, will effect recovery from a 
tumble . 

4. Installation of a horizontal tail of the order of 5 percent 
of the wing area rearward of the airplane will provent the airplane 
from tumbling. 

5. The tendency of the airplane to tumble and to oscillate in 
pitch will not be as great when the center of gravity is forward 
approximately 5 percent of the mean aerodynamic chord as when the 
center of gravity is in its normal location for flight test condition 
number one. The tendency of the airplane to tumble will also be 
reduced when loading-edge slats are installed. 
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6. The accelerations acting at the pilot* s head during a 
tumble will be dangerous, especially when acting in a negative 
direction. 
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TAELE I.- DIMENSIONAL CHARACTERISTICS OF THE 
NORTHROP N-9M AIRPLANE 

Length over all, ft 17*78 

Propellers, type Pusher 

Propellers, diameter, ft 7*00 

Propellers, number 2 

Propellers, blades on each 2 

Wing : 

Span, ft 60 .00 

Area, sq ft 490.0 

Section, root NACA- 65 , 3 -OI 9 

Section, tip NACA- 65 , 3-018 

Twist, tip leading edge down, deg 4.0 

Dihedral, 25 percent chord line, deg 2.0 

Aspect ratio 7 . 4 

Taper ratio 4.0 

Sweepback, 25 percent chord line, deg 21.9 

Mean aerodynamic chord, in IO 9.8 

Leading edge of mean aerodynamic chord rearward of 

leading edge of root chord, in 69.7 

Elevons : 

Chord rearward of hinge line, ft 1*57 

Span, percent of wing span 33.6 

Area rearward of hinge line, percent of wing area ..... 6.5 

Pitch flaps: 

Chord, percent of wing chord 24.2 

Span, percent of wing span 23.6 

Area rearward of hinge line, percent of wing area 3.1 

Scoop rudders: 

Span, percent of wing span 21.5 

Landing flaps: 

Span, percent of wing span 35.3 

Total area, percent of wing area 10.1 
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TABLE IT.- CONDITIONS TESTED IB THE INVESTIGATION OF THE TUMBLING CHARACTERISTICS OF TTE l/20-SCALE MODELS 07 THE NCHTHRC"’ N-GM AIRPLANE 


CONFIDENTIAL 



Change fran 



Landing 

Pitch 






Data 

No. 

original, clean 

Loading 

Type cf launching 

flaps 

Landing 

Slots 

Horizontal 

Split 

Parachute 

presented 
on table 


configuration 


flaps 

(d«s) 

«ear 


area 

rudders 

attached 

I 

None 

Flight test condi- 

v ith initial pitching 

Neutral 

0 

Retracted 

None 

None 

None 

N~ne 

IV- A 

o 


tlon number 1 

rotation 

Releaeed from nose-up 
vertical attitude 

— do— 







3 




do— 


— -do 

— do 

— do 

V-A 

VT-A 



Released with nose approx- 

—4c— 

0 

-do- 




iaately 70° below 
horizontal 













---do-- 


do — 



- -do 

— do 

rr-B 




KeieaeM rrom norlzontaJL 

0 

-do- 





attitude 











nose slightly above 
horizontal 








VTT 


Equivalent 


With initial pitching 

do-- 


do--- 

— do* 

- — do---- 

— do-.— - 


rv-B 



0 



propeller fin 
area Installed 


rotation 

Released from nose-up 

do — 


do— 



— do 

—do 

V-B 




0 

•do- 




vertical attitude 









R 

None 

Center of gravity 

With Initial pitching 

---do-- 

0 

do— 

-4o- 

do 

do 

---do---- 

IV-C 



5 percent c 
forward of 
normal location 
for flight test 
condition 
numbe- l 

rotation 
















*do* * 


_ . .(Jo- - • — 

---do--*- 




Flight test 

vertical attitude 
With initial pitching 


0 






IY-D 



-•-oo-- 

0 

——do— 

Opon 





auxiliary leading- 

condition 

rotation 










edge slats 
installed 

number 1 










11 





A 

— — — -do- — • 

-do-- 

... .Jq. ... 


———do— — — — 




vertical attitude 

---ao-- 

0 





Y-U 


31-percent span 


Vith Initial pitching 











— ao-- 

0 






XY-E 


auxiliary leadlng- 

edre elate 


rotation 









13 

Installed 

do 

Released from nose 

. . . do - * 

0 

do — - 

-do-- 

••--do-—* 

---do---- 

do 

V-E 




vertical attitude 




---do — - 

Ik 



With initial pitching 



do— - 

None 

-—-do 

t60° on 

iv-r 

XB-35 type oplil 



0 



rudders installed 


rotation 






both 

wing 



rs 



Released from nooe- 


0 




tlpe 

t60° on 


V-F 


a 0 

vertical attitude 

Vith initial pitching 
rotation 

50° dam 

26 up 

Extended 

-do-- 

do- — 

both 

wing 

tips 

None 

— do 

rr-c 

16 


Landing 


17 



Released from nose-up 
vertical attitude 

. — -do- . 

26 up 

0 O 

-do-- 

-..-Jq.- — 

— do — - 

---do—--- 

V-G 

Landing flaps 








V-H 

18 







Ret 'acted 

-do- - 




19 

deflected and 
landing gear 
extended 
Lmding flaps 

V-I 












deflected 









do 

y-j 

20 

•onding gear 





Extended 

-do-- 











21 

extended 

P 4 f mV> n«Q 


_ do 

- - -do- * 

26 up 

Retracted 

-do~ 

do 

— do 

do 

V-K 


riccn ixaps 
deflected 






rv-H 



... .....Jo... — — 

^ initial pitching 

— do— 

0 

do — 

-do— 

Equal to 
10 per- 

do 

— do 


non zoniAi area 
Installed 


rotation 





23 



---do* - 

0 

do — 

-do- - 

cent of 

wing 

area 

do — -- 

--do 

---do 

V-L 



do 


Released from nose-up 
vertical attitude 








IV -1 

2 k 



With initial pitching 
rotation 

-do- 

0 

do 

-do- 

Equal to 








5 per- 
cent of 















wing 




25 

26 




---do-- 

0 

— — -do — 

-do-- 

area 

----do 

---do 

— do 

V-M 



vertical attitude 
With initial pitching 

---do-- 

0 

do— 

-do— 

Equal to 

— -do-"- 

do 

IV-J 



rotation 





2 per- 
cent of 
wing 
area 











---do-* 

0 

do — 

-do-- 

do 

---do-—- 

- - -do- 

V-N 

27 

Two parachutes 


HoXoasad from noso-up 
vertical attitude 
With initial pitching 

- - -do- - 

0 

-— -do- — 

-do— 

None 

do 

Between 

vni 

28 








elevons 



Installed 


rotation 







and 

pitch 












flaps 


29 


r ^ m ^ ^ .Jp. 

_^ Q 

do-' 

0 

-—-do—- 

-do-- 

-—-do—— 

do 

At wing 

vm 

One parachute 



---do-- 

0 

do — 

-do-- 

- — do 

do 

tip 

Between 

VTTI 

TO 








elevons 



installed 









and 

pitch 

flaps 
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TABLE IV.- TTHBLINO CHARACTERISTICS 0®' THE l/20-SCALB MODELS OF THE NORTHR OP N-9M AIRPLANE 
WHEN LAUNCHED WITH INITIAL PITCHING ROTATION 
(Tunnel airspeed for all tests vas approximately 65 feet per second) 


CONFIDENTIAL 


Change from 
original, clean 
configuration 

Loading 

Direction of 
Initial 
pitching 
rotation 

stick position 

Wheel 

position 

Landing 

flaps 

Pitch 

flaps 

(d»e) 

Landing 

gear 

Behavior of model 

A. Original model 




None 

Do 

Flight test condition 
number 1 

Positive 

Full back 

Full left 

Neutral 
— do— 

0 

Retracted 
do — 

Continued tumbling. 

Do 


d° 

Full back 


0 

Do. 




Neutral 

---do-- 

do-- 

do-- 

do-- 

do-- 

do-- 

do-- 

-»-do-- 

0 

-- — do 

do— 

do 

do— 

do 

do 

do 

do— 

Sometimes continued tumbling; sometimes 
stopped tumbling and oscillated In 
pitch approximately *120° measured 
from the nose-down position until 
striking safety net. 

Continued tumbling. 




Neutral 

do 

0 

Do 




Full right 
Full left 

0 

Do. 

Do 


d 

Negative 


0 

Do. 

Do 



0 

Do. 

Do. 

Do 


d° 


do 

0 

Do 




Neutral 
do 

0 

Sometimes continued tunbllng; sometimes 
stopped tunbllng and oscillated In 
pitch approximately *120° measured 
from the nose-down position until 
striking safety net. 

Continued tumbling. 

Do - 



Full forward 

0 

Do 

d° 


do 

— do — 

0 

do 

Do. 

Sometimes continued tunbllng; sometimes 
stopped tumbling and oscillated in 
pitch approximately *120° measured 
from the noee-down position until 
striking safety net. 





Full right 

do-- 

0 

do- — 


B. Effect of equivalent propeller fin < 

irea 



Equivalent propeller 
fin area Installed 

Flight test condition 
number 1 

Positive 

Full beck 

VS.1 I 

Full left 

Neutral 

— do-- 
— do-- 

0 

Retracted 

do — 

do 

Continued tumbling. 

Do. 

Do. 

Bo----— .... 


d° 

FUJLl forward 

----do---- 

0 

Do--— — — 

A° 

do 

Full back 
Neutral 
Full forward 

Neutral 

0 

Do 

~ ° 

do 

Full right 

— do-- 

0 

do 

Do. 

Do - 

° 

do 

— do- - 
do-- 

0 

— -do 

do— - 

Do. 

Do--*-— — 

---d° 


Full back 

0 

Do. 

Do 

O 

NO^ClulTO 

Full forward 

Full left 

— do-- 

G 

do 

Do. 

Do 

° 

do 

do 

— do — 
do-- 

0 

do 

do— 

Do. 

Do. 

Do 



Full back 
Neutral 

Neutral 

0 

Do 


ao 

d° 

---do-- 

0 

do 

Do. 


do 

<lo 

Full forward 

Full right 

do-- 

do-- 

0 

do 

do 

Do. 

Do. 

22 1_ 

° 

do 

Full back 

0 



C. Effect of center- of- gravity 

r locatlc 




None 

Do-- 

Conte r-of -gravity 
5 percent c 
forward of normal 
location for 
flight test 
condition 
number 1 

Positive 

Full back 
Full forward 

1 Vorlr 

Full left 

do 

Neutral 

Neutral 

0 

Retracted 

— --do — 

do— 

do 

Continued tumbling. 

Do. 

Do. 

Do. 

Do. 

Do 



4o-- 

0 

Do 

. 

_.° 

JTUJLL DOCK 

Woutrfll 

... —do— — — — 

_ _ . 

0 

Do 

o 

d° 

ytill forvird 

— — — —do— — — — 

— — — do— * 

0 

do--- 

do 

do 

do 

do 

Do 

, 


'Pill 1 hnrV 

Full right 

—do— 
do— 

do-- 

do-- 

— do — 
— do— 

— do-- 

0 

Do. 

Stopped tumbling, made two oscillations 
In pitch of approximately *120° 
measured from the nose-down position, 
then oscillatlona started to damp out. 

Sometimes continued tumbling; sometimes 
stopped tumbling, marie two oscillations 
in pitch of approximately *120° 
measured from the nose-down position, 
then oscillations started to damp out. 

Stooped tumbling, made two oscillations 
In pitch of approximately ±120° 
measured from the noee-down position, 
then oscillations started to damp out. 

Do. 

Do 

do 


P UL1 DOCK 

do 

Full forward 

Pill 1 VtorV 

Full left 
do 

Neutral 

do 

do 

Full rl#it 

0 

Do 



0 

Do . 



0 




full DaC& 

Neutral 
Full forward 

Full back 

o 

-- --do— - - 

Dq - -- -- -- — 

do 


0 

do 

Sometimes continued tumbling; sometimes 
stopped tumbling, made two oscillations 
in pitch of approximately +120° 
measured from the noee-down position, 
then oscillations started to damp out. 

Stopped tumbling, made two oscillations 
In pitch of approximately ±120° 
measured from the noee-down position, 
then oscillations started to damp out. 

Do 



o 

do 
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TABLE IV.- TUMBLING CHARACTERISTICS 0? THE l/20-SCALE MODELS OF THE lTORTHROP N-SM AIRPLANE - Continued 


CONFIDENTIAL 


Change fran 
original, clean 
configuration 

Loading 

Direction o 
Initial 
pitching 
rotation 

f 

Stick posltlox 

Wheel 
1 position 

Landing 

flape 

, Pitcl 
flap* 
(deg] 

1 Landing 
* S»ar 

Behavior of model 




). Effect of 20-percent span slots 




20-percent span, 

auxiliary leading- 
edge elate 
lne tailed 

Flight teat condition 
number 1 

Positive 

Full back 

Full left 
do 

Neutral 

Neutral 
— do— 

—do— 

do-- 

0 

Retracted 

Continued tumbling. 





0 

do — 

Sometimes continued tmbllng; sometimes 
stopped tunbllng, made two oscillations 
In pitch of approximately tl20° measured 
from the nose-down position, then 
oscillations started to damp out. 


0 



0 

do — 

Continued tumbling. 


° 


Neutral 

- — do 

——do—— 

0 

do — 

Do. 

Do— - 




do-- 

0 

do — 

Do. 





Full right 

— do — 

0 

do — 

Do. 



Negative 

Full back 
Full forward 
Full back 

do 

Full left 

— do-- 
do-- 

0 

do — 

Do. 



0 

do — 

Do. 

Do 



do 

do-- 

0 

do 

Do. 




Neutral 

— do-- 

0 

- — do 

do 

Stopped tumbling, made two oeC Illations 
in pitch of approximately +120° 
measured from the nose-down position, 
then oscillations started to damp out. 





do 

do 

— do-- 

— do— 

0 

Continued tumbling. 




Full back 
Full forward 

0 

do— - 

Do. 

Do 



Full right 
do---- 

-—do— 
do-- 

0 

0 

do 

do— 

Do. 

Do. 



1 

l. Effect of 35' 

-percent sp' 

an elots 




35-percent span, 

auxiliary leading- 
edge elate 
Installed 

Do 

Flight test condition 
number 1 

Positive 

Full back 

Full left 
do 

Neutral 

—do— 

do— 

—do— 

0 

Retracted 
do — 

Continued tumbling. 

Stopped tumbling, made one or two 

oscillations in pitch of approximately 
±120° measured from the noee-down 
position, oscillations started to 
damp out, then dived. 

Do 

do 


Full forward 

0 

Do 



Full back 

Neutral 
do 

0 

do — 

Continued tumbling. 

Do ... 


d° 

Neutral 

0 

do 

Do. 

Do 



Full forward 

do—— 

Full right 

do-- 

— do— 
— do-- 

0 

- — do 

do 

Sometimes continued tumbling; sometimes 
stopped tumbling, made one or two 
oeclllatione in pitch of approximately 
±120° measured from the nose- down 
position, oscillations started to 
damp out, then dived. 

Do 

5° 


Full back 
Full forward 
Full back 

tS.11 

0 

Continued tumbling. 

Do 

d ° 

Negative 

do 

0 

do 

Do. 



Full left 

do-- 

0 

do 

Stopped tumbling, made one or two 

Oscillations In pitch of approximately 
±120° measured from the nose-down 
position, oscillations started to 
damp out, then dived. 




full rorvara 




— -do—- 

Sometimes continued tumbling; sometimes 
stopped tumbling, made one or two 
Oscillations In pitch of approximately 
*120° measured from the nose -down 
position, oscillations started to 
damp out, then dived. 

Stopped tumbling, made one or two 

oscillations In pitch of approximately 
*120° measured from the nose-down 
position, oscillations started to 
damp out, then dived. 

Contlnuod t.^hi i ng , 

Do 



Full back 

Neutral 




Do 


do 

Neutral 
Full forward 

"••do---- 

do— 


do — 

Do. 

Stopped tumbling, made one or two 

oscillations in pitch of approximately 
+120° measured from the nose-down 
position, oscillations started to 
damp out, then dived. 

Sometimes continued tumbling; sometimes 
stopped tumbling, made one or two 
oscillations in pitch of approximately 
tl20° measured from the nose-down 
position, oeclllatione started to 
damp out, then dived. 

Do 



••"do— -- 
Full right 

do" 


Do 



Full back 

— do — 

0 

o 

do 
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table iv.- tumbling characteristics of the i/20-scauj moekls of the Northrop n-?m airplane - concluded 


Change fran 



1 



Pitcl 

flap( 

(deg) 



original, clean 
configuration 

Loading 

initial 

pitching 

rotation 

Stick poeltioi 

Wheel 

1 position 

Landing 
flap a 

Landing 

gear 

Behavior of model 




F. Effects of split rudders 




rudders installed 
and deflected *6o° 
on both ving tips 

Do 

number 1 

Positive 

Full back 

Full left 

Neutral 

—do— 

0 

Retracted 

Continued tumbling. 

Do 


do 

Full forward 

do 

Neutral 

0 

do— 

Do. 

Do- 



Full back 

— do-- 

0 

- — do — 

Do. 

Do 

. 



do 

do-- 

0 

do 

Do. 

Do 



Full forvard 

do- — 

— do-- 

0 

do 

Do. 



Negative 

Full back 

Full ri#it 

do-- 

0 

do- — 

Do*. 

Do 

d 

Full forvard 

Full left 

do— 

0 

do 

Do. 


° 


do 

do-- 

0 

do 

Do. 


a 


Full back 

Neutral 

— do-- 

0 

do- — 

do- — 

Do. 


- 

do 


do 

— do— 

0 

Do. 

Do 


-•-ao---*-- 

Full back 

do 

Full right 

do— 

—do— 

0 

do 

Do. 



do 

0 

do— 

Do. 


G. Effect of landing configuration 




landing 

Flight test condition 

Positive 

Full back 

Full left 

50° dovn 

26 ° up 

Extended 

Continued tumbling. 


number 1 







do 


Neutral 

---do-- 

0 

----do-- - 

Do. 



ao 


----do 

— de-- 

0 

— — do— — 

Do. 



ao 


Full right 

---do-- 

0 

----do 

* 


.° 




0 

do 

Do . 


0 

Negative 


Full left 



do 

Do 


.° 


... 


do 

Do . 




, 

A 


Neutral 

- - -do-- 

0 

do 

Do. 



-do 


do 

- - -do — 

0 

4° 

Do. 


, 0 

ao 


do— — 

Full right 
-- — do---- 

— -do— 

0 

-ao 


° 

do 


---do-- 

0 

do 

Do. 


do 

do 


---do-- 

0 

do 

H. Effect of installing horizontal area equal to 10 percent of the ving area 

Horizontal area equal 

Flight test condition 

Positive 

Full back 

Full left 

Neutral 

0 

Retracted 

Stopped tumbling, oscillations in 

to 10 percent of 
the ving area 
installed on a 
boon rearward of 
the model 

number 1 







pitch damped out rapidly, then dived. 

Do 



Full forvard 




do — 

Do. 

Do 


ao 

Neutral 

ao-- 


Do. 

Do-——— 

. 

7° 

Full back 

d°”" 


do—" 

Do. 



do 

Neutral 
Full forvard 
Full back 

do---- 

do* 


o 

do — 

do 

Do. 


— — II I—,*!!—— — II II 

111 lid — — I 


- • -do- - 

o 

Do 



” ,° 

p l Q2 f 1 orvard 

Full right 

— do— 

o 

do — 

Do. 










Full back 

Full left 

— -do— 

o 

do— 

Do. 





Do. 




Full forvard 
Full back 

do 

--do— 
do 

o 

----do- — 



do 

o 

...-do- — 

Do. 

Po 

o 



do 

— do- 

o 

do 

Do. 

T\~ 



■BSlI 1 

o 

do — 

Do. 




flu i i orvaru 




Do. 




Full back 
Full forvard 

Full right 
do 

— do— 
— do-- 

o 

do — - 

Do 



0 

do 

Do. 


I. Effec 

!t of install! 

Lng horizontal « 

irea equal to 5 percent of the ving 

area 

Horizontal area equal 
to 5 percent of the 

Flight test condition 
number 1 

Positive 

Full back 

Full left 

Neutral 

0 

Retracted 

Stopped tumbling, oscillations in 

pitch damped out rapidly, then dived. 

ving area installed 
on a boom rearward 
of the model 



Full forvard 
Full beck 

do 

Neutral 
do 

- — do — 

o 

do — 

Do. 


d° 



0 

do 

Do. 




— do— 
do 

0 

do— 

Do. 


~° 


Full forward 

o 

do— 

Do. 

tZ 

7° 


Full back 

Full right 

— do~ 
— do — 

0 

do— 

Do. 

iz 




0 

do— 

Do. 

iv! 

° 

RogatlT® 
.. do 

Full" forvard" 

do 

Neutral 

do 

do 

Full right 

— -do — 

0 

do— - 

Do. 

po 



Full back 

— do-- 
— do-- 

do-- 

— do-- 

0 

do— - 

Do. 

tv! 

7° 


0 

-—do-— 

Do. 

Do 

do 


Full forvard 
Full back 

0 

do 

Do- 

Do 



0 

do — 

Do. 


J. Effecl 

t of install 1] 

ig horizontal a 

re a equal to 2 percent of 

the ving 

area 

Horizontal area equal 

Fll^t test condition 

Positive 

Full back 

IfuII left 

Neutral 

0 

Retracted 

Continued tumbling. 

to 2 percent of the 
ving area installed 
on a boon rearvard 
of the model 

number 1 


XStl 1 

do 

Neutral 
do— — 

do-- 

o 

do — 

Do 




riu ! iCTwari 

Full back 
Neutral 

do — 

0 

do 

Do. 


d° 


— do~ 

0 

do— 

Sometimes continued tumbling; sometimes 

Do 





stopped tumbling, made one or tvo 
oscillations In pitch of approximately 
1120° measured from the noee-dovn 















position, oscillations started to 
damp out, then dived. 


- 

do 

Full forvard 
Full back 

——-—do-— — 

— do — 

0 

do — 

Continued tumbling. 

Do 



Full rlfdit 
Full left 

do— 

0 

do— 

Do. 



No^&tlTo 

—do— 

0 

do 

Do. 




Full forvard 
Full back 

do 

— do — 

0 

do 

Do. 

Do 



Neutral 

do — 

0 

do 

Sometimes continued tumbling; sometimes 

Do — 






stopped t mbllng, made one or tvo 
oscillations In pitch of approximately 
♦120° measured from the nose-dovn 











position, oscillations started to 
damp out, then dived. 




Neutral 

do 

— -do— 

0 

do 

Continued tumbling. 

Do — — — - 



Full forvard 
Full back 

do- — 

— do— 

0 

do — 

Do. 

Do 



Full right 

do-- 

0 

do — 

Do. 
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TABLE V.- TtMBLING CHARACTERISTICS OF THE l/20-SCALE MODELS OF THE NORTHROP N-QM AIRPLANE VHEN RELEASED 
’■TTHOITT ROTATION FROM A NOSE -UP VERTICAL ATTITUDE 
[Tunnel airspeed for all teats was approximately 75 feet per second full scale] 

CONFIDENTIAL 


Change from 
original, clean 
configuration 

Loading 

Stick positior 

j Wheel 
position 

Landing 

flaps 

Pitch 

flaps 

(dog) 

Landing 

gear 

Behavior of model 


A. Original model 

None 

Flight test condition 
number 1 

Full back 

Full left 

Neutral 

— do — 
— do-- 

— do-- 

—do— 
— do — 

0 

Retracted 

do— 

do 

do — 

do — 

do — 

Sometimes tumbled; sometimes 
oscillated in pitch approxi- 
mately ±120° measured from the 
noee-down position until 
striking safety net. 

Do---.--—.- 



-—-do--— 

, A. - . - 1 

0 

Do. 




Neutral 

do 

do 

Full right 

0 

Do. 



lidUbrcLL 

0 

Do. 




0 

Do. 




0 

Do. 


B. 

Effect of equivalent propeller fii 

i area 



Equivalent propeller 
fin area Installed 

Do 

Fliffrt test condition 
number 1 

Full forward 

Full left 

Kr A „l ma 1 

Neutral 
— do-- 

0 

Retracted 
do 

Oscillated in pitch approxi- 
mately ±120° measured from 
the noee-down position until 
striking safety net. 

Sometimes tumbled; sometimes 
oscillated in pitch approxi- 
mately •4120° measured from the 
nose-down position until 
striking safety net. 

DQ------- 


rui .1 DacK 

Neutral 

0 

Do 


Neutral 

-do* - — — 

— do- - 

0 

A 

----do — 

Do. 

TVi 


Full forward 

Full right 

---dO-- 

_ j A 

U 

A 

CLO 

^ [ m — ^ Q — — — 




i. Mill DuCK 

---ao-- 

U 


Do. 


C 

. Effect of center-of- gravity location 



None 

D©----- 

Center of gravity 
5 percent c 
forward of normal 
location for 
flight test condi- 
tion number 1 

Full back 

TV.,1 7 __ ^3 

Full left 

Neutral 

0 

Retracted 

----do--- 

Made two oscillations in pitch of 
approximately ±120° measured 
from the nose-down position, 
then oscillations started to 
damp out. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do 


r uJLJL rorvard 

7X,1 7 

Neutral 

---do-- 

A ^ 

0 

A 


Do 

° 

r uJLJL DOCK 
Neutral 

■TV, ,7 7 p. __ a 

- - -ao- - 

A A 

u 

- - - -cio- - 

Do 

*7° 


---dO-- 

Q 

A 

- - - -CIO- - 

_ _ A* • • 

Do---------- 

T° 

r uJLJL I orvara 

do 

Full right 

— do-- 

A ^ 

o 

- ---0.0-“- 

Do 

*7° 

JJulJL DacK 

---uO-- 

Q 

A 

— — — -Q.O- - - 
A* 


do 

Full forward 

do 

---do-- 

u 

--•—cio—-- 

D. Effect of 20-percent span slots 

20 -percent span 

auxiliary leading- 
edge slatb 
installed 

Do 

Flight test condition 
number 1 

Full back 

Full forward 
Full back 

Neutral 

Full left 

do 

Neutral 

do 

do 

Neutral 
— do — 

0 

Retracted 

A « 

Made two oscillations in pitch of 
approximately ±120° measured 
from the nose-down position, 
then oscillations started to 
damp out. 

Do 


0 

- - --CLO- -- 

Do. 

Sometimes tumbled; sometimes made 
two oscillations in pitch of 
approximately ±120° measured from 
the nose-down position, then 
oscillations started to damp out. 

Do. 

Made two oscillations in pitch of 
approximately *120° measured 
from the nose-down position, 
then oscillations started to 
damp out. 

Do 


— do — 

0 

• • — • do — — — 

A ~ 

Do 


do-- 

0 

- -- -ao--- 

A 

Do 


r iLLJ. rorvard 

Full back 
Full forward 

-- -do-- 

0 

- - - -CLO 

do- — 

Do 


Full right 

do — 

0 

Do. 



do 

— do-- 

0 

do — 

Do. 
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TABLE V.- TUMBLING CHARACTERISTICS OF THE l/20-SCALE MODELS OF THE NORTHROP N-9M AIRPLANE - Continued 

CONFIDENTIAL 


Change from 
original, clean 
configuration 

Loading 

Stick positior 

Wheel 

position 

Landing 

flaps 

PitC* 

flapt 

(deg] 

Landing 

gear 

Behavior of model 



E. Effect of 35-percent 

span slots 



35 -percent span 

auxiliary leading- 
edge slat 8 
installed 

Do 

Flight test condition 
number 1 

Full back 

Full forward 
Full back 

Full left 

do 

Neutral 

do 

do 

Full right 
-- — do 

Neutral 

0 

detracted 

Made one or two oscillations in pitch 
of approximately *120° measured 
from the nose-down position, oscilla- 
tions started to damp out, then dived. 

Do 


— do-- 

0 

do — 

Do. 

Do 


do — 

0 

do — 

Sometimes tumbled; sometimes made one 
or two oscillations in pitch of 
approximately *120° measured from 
the nose down position, oscillations 
started to damp out, then dived. 

Made one or two oscillations in pitch 
of approximately *120° measured 
from the nose- down position, 
oscillations started to damp 
out, then dived. 

Do 


Neutral 

do-- 

— do — 

do — 

—do— 

0 

do — 

Do 


Full forward 

0 

do — 

do — 

do — 

Do. 

Do 


FUll DECK 

0 

Do. 



Full forward 

0 

Do. 


F. Effect of split rudders 


XB-35 type split 

Fli^it test condition 

Full back 

Full left 

Neutral 

0 

Retracted 

Oscillated in pitch approximately 

rudders installed 

number 1 






±120° measured from the nose -down 

and deflected ±6o° 







position until striking safety net. 

on both wing tips 








Do 


Full forward 

do 

do— 

0 

do— 

Do. 

Do 


Full back 

Neutral 

do — 

0 

do 

Do. 

Do 


Neutral 

do 

do — 

0 

do — 

Sometimes tumbled; sometimes oscillated 








in pitch approximately *120° measured 








from the nose -down position until 








striking safety net Q 

Do- 


Full forward 

do 

do — 

0 

do- — 

Oscillated in pitch approximately *120 








measured from the nose-down position 








until striking safety net. 

Do 


Full back 

Full right 

do— 

0 

do — 

Sometimes tumbled; sometimes oscillated 
in pitch approximately ±120° measured 








from the nose-down position until 








striking safety net. 

Do 

do 

Neutral 

do 

do-- 

0 

do — 

Oscillated in pitch approximately il20° 








measured from the nose-down position 








until striking safety net. 

Do 

do 

Full forward 

do 

— do-- 

0 

do 

Do. 


G. Effect of landing configuration 


Landing 

Fli^it test condition 

Full back 

Full left 

50° down 

26 up 

Extended 

Made one or two oscillations in pitch 


number 1 






of approximately ±120° measured 








from the nose-down position, 








oscillations started to damp out. 








then dived. 

Do 


Full forward 

do 

do — 

0 

do— 

Do. 

Do 


Full back 

Neutral 

— do— 

0 

do 

Do. 

Do 


Neutral 

do 

—do— 

0 

do — 

Do. 



TJSil 1 ■fnrvp'pfl 

do — — 

— do— 

0 

do — 

Do. 

IX) 

Do 


r UJL JL JL Ui w&iu 

Full back 

Full right 

— do— 

0 

do— 

Do. 

Do 


Full forward 

do 

—do— 

0 

do 

Do. 


H. Effect of landing flaps and landing gear 


Landing flaps 
deflected and 
landing gear 
extended 


Do- 

Do- 

Do- 


Flight test condition 
number 1 


-do- 

-do- 

-do- 


Full "back 


Neutral 
Full forward 
Full back 


Neutral 


do 

do 

Full right 


50° down 

0 

Extended 

do- - 

0 

do- — 

do-- 

0 

do — 

do — 

0 

do — 


Made one or two oscillations in pitch 
of approximately ±120° measured 
from the nose-down position^ 
oscillations started to damp out, 
then dived. 

Do. 

Do. 

Do. 
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TABLE V.- TtHBLITO CHARACTERISTICS OP THE l/20-SCALE MODELS OR THE HORTHROP K-5M AIRPLANE - Concluded 

CONFIDENTIAL 


Change from 
original, clean 
configuration 

Loading 

Stick position 

Wheel 

position 

Landing 

flaps 

Pltcl 

flap* 

(deg) 

j Landing 
i gear 

Behavior of model 



I. Effect i 

of landing flaps 


Landing flaps 
deflected 

Flight test condition 
number 1 

Full back 

Full left 

do 

Neutral 
do 

50° down 

— do— 
— do— 

do-- 

— do— 
— do-- 

0 

Retracted 

do — 

do 

do — 

do — 

do — 

Made one or two oscillations in pitch 
of approximately ±120° measured 
from the nose-down position, 
oscillations started to damp out, 
then dived . 




0 

Do. 




0 

Do. 


*r° 

Neutral 

0 

Do. 


Jr° 


Full right 

0 

Do. 


° 

rull D&CK 

0 

Do. 


J . Effect of landing gear 



Pitch flaps 
extended 

Do„ 

Fli^it test condition 
number 1 

Full back 

Neutral 

Neutral 

A* 

0 

Extended 

Sometimes tumbled; sometimes oscillated 
in pitch approximately +120° 
measured from the nose-down position 
until striking safety net. 

Do. 

Do. 



Neutral 


CLO-- 

0 

d° 



r ujll rorwara 

do 

— do-- 

0 

—do— 


K. Effect of pitch flaps 

Pitch flaps 
deflected 

Dq 

Fli^it test condition 
number 1 

Full back 

Full left 

Neutral 

2 6 up 

Retracted 

Sometimes tumbled; sometimes oscillated 
in pitch approximately ±120° measured 
from the nose- down position until 
striking safety net. 

Oscillated in pitch approximately il20° 
measured from the nose-down position 
until striking safety net. 

Sometimes tumbled; sometimes oscillated 
in pitch approximately ±120° measured 
from the nose -down position until 
striking safety net. 

Do. 

Do. 

Do. 



Full f orwairi 

Neutral 
do 

do-- 

— do-- 





rul L DOCK 

Neutral 

--do- 

--do- 

do — 

do — 

do — 

Do 


Full forward 

Da 


TJVil 1 n\» 4- 


--do- 

DO 


J? UJLL Uc±C XL 

r lllx rigno 

• - *0.0" • 

L. Effect of installing horizontal area equal to 10 percent of the wing area 

Horizontal area equal 
to 10 percent of 
the wing area 
installed on a boom 
rearward of the 
model 

Flight test condition 
number 1 

Full back 

Full left 

Neutral 

do 

do 

Neutral 

—do— 
do-- 

— do— 

do-- 

0 

o 

Retracted 

do — 

do — 

do — 

do- — 

Made one or two oscillations in 
pitch and then dived. 

Do. 

Do. 



Neutral 

o 

Do 


Full forward 

o 

Do . 

VO 


o 

Do. 

JJq 


full LOL XL 

r UJLL li-tvlL 



M. Effect of installing horizontal area equal to 5 percent of the ving area 


Horizontal area equal 

Flight test condition 

Full back 

Full left 

Neutral 

0 

to 5 percent of the 

number 1 





wing area installed 






on a boom rearward 






of the model 






Do 


Full forward 

do 

—do— 

0 

Do 


Full back 

Neutral 

— do— 

0 

Do 


Neutral 

do 

—do— 

0 

Do 


Full forward 

do 

— do— 

0 

Do 


Full back 

Full right 

—do— 

0 


detracted 


-do — 
-do— 

-do 

-do— 
-do 


Made one or tvo oec illations in 
pitch, and then dived. 


Do. 

Do. 

Do. 

Do. 

Do. 


N • Effect of installing horizontal area equal to 2 percent of the wing area 


Horizontal area equal 

Fli$it test condition 

Full back 

Full left 

Neutral 

C 

to 2 percent of the 

number 1 





wing area installed 






on a boom rearward 






of the model 






Do— 


Full forward 

do 

do — 

0 

Do 


Full back 

Neutral 

do-- 

0 

Do — 


Neutral 

do 

do — 

0 

Do— 


Full forward 

do 

—do— 

0 

Do 


Full back 

Full right 

do — 

0 


Retracted 


-do 

-do 

-do— 

-do— 

-do— 


Made one or two oscillations in 
pitch, and then dived. 


Do. 

Do. 

Do. 

Do. 

Do. 
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FIGURE irTHREEVIEW DRAWING OF THE^q-5CALE MODEL OF THE NORTHROP N9M 
AIRPLANE as TESTED IN THE 20 FOOT FREE-SPINNING TUNNEL .CENTER OF GRAVITY 
SHOWN FOR FLIGHT TEST CONDITION NUMBER 1. 


NACA RM No. L6L10 


CONFIDENTIAL 


Fig. 2 




Figure 2.- A -scale model of the Northrop N-9M airplane as tested 
in the 20 -foot free-spinning tunnel in the clean configuration. 
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Fig. 4 




Figure 4 -Simulated slats tested on the ^ -scale 

MODEL OE THE NORTHROP N'9M AIRPLANE. 
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Figure 5r E quivalent propeller fin area 

AS TESTED ON THE SCALE MODEL OF 
THE NORTHROP l\F9M AIRPLANE. 
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Fig. 6 
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Figure 6.- Installation of horizontal 
AREAS ON a “SCALE MODEL OF THE 

Northrop N-9M airplane. 
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Figure 7. -Comparison of the rudder controls or 
the Northrop N-9M and XB-35 airplanes. 
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Fig. 8 



FIGURES.- Location or the points of towline 


ATTACHMENT FOR THE PARACHUTE TESTS ON 

a4 - scale model of the Northrop N-9M 


AIRPLANE. 
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NACA RM No. L6L10 


Fig. 10 



Figure 10. -Typical path or the^-scale models of the 


■33 

Northrop N-9M airplane during a tumble 
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Vertical distance traveled in 1 second 
approximately 150 feet, full scale 
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NACA RM No. L6L10 CONFIDENTIAL Fig. 11 



Figure 11.- Typical tumble of the --scale models of the Northrop N-9M 

airplane when released from a nose-up attitude. Clean configuration, stick 
full back, wheel neutral, scoop rudders and pitch flaps neutral. Camera 
speed, 64 frames per second. Velocity of airstream, approximately 75 feet 
per second, full-scale. 
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Fig. 12 



Figure 12.- Typical oscillatory motion of the -scale models of the Northrop 

N-9M airplane when released from a nose -up attitude. Clean configuration, 
stick neutral, wheel neutral, scoop rudders and pitch flaps neutral. Camera 
speed, 64 frames per second. Velocity of airstream, approximately 75 feet 
per second, full-scale. 
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Fig. 13 


Figure 13.- Typical action of parachutes in producing recovery from an 
established tumble on the ~ -scale models of the Northrop N-9M air- 

Ci\J 

plane. Clean configuration, stick neutral, wheel neutral, scoop rudders 
and pitch flaps neutral. Camera speed, 64 frames per second. Velocity 
of airstream, approximately 85 feet per second, full-scale. Towlines 
attached to rear portion of wing tips. Parachute diameter, 7 feet full- 
scale. Parachute drag coefficient, approximately 0.7. Towline length, 
10 feet full-scale. 
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